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S0 OVERVIEW

e Hardware qualification means different things to different people

gualified"”

* "gualified by similarity”

- "commercial best practices”
* "performance qualified"

- "it flewon  Shurrle”

e Hardware qualification should begin at the design and continue through manufacturing,

integration and test
* A systematic method is required to re-engineer / streamline the qualification process

* Project management needs tools which wil allow them to make intelligent risk trade-offs in

this era of greater risk taking

e Mission requirements, failure modes, technology and preventitive measures must be
assessed together to determine an accurate qualification approach

- Primary thrust presented here is defect detection and avoidance
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APL  QUALIFICATION REQUIREMENTS ARE CHANGING

RIGID REQUIREMENTS

{(HOW TO)
ﬁ ///

¢ Qualification requirements are changing from prescriptive to philosophical

"20 THE RIGHT
THING"

» Somewbhere in the middle is where we want to be
* A methodology (1r00l) is required ro assist in determining what is the "right thing"
* An example of a technology and mission independent qualification process:

* NHB 5300.4 (34-1) = : ".....shall be temperature cycled in an air oven from room temperature to -55°C
to 100°C and back to room temperature at a rate not to exceed .......

IES 41st Annual Technical Meeting .
MAY 3, 1995 S.L. Cornford




APL  SIFFICULT CHALLENGES FOR NEW MISSIONS

"USE OFF-THE-SHELF HARDWARE"

How do I qualify

this hardware?

"REDUCE INSPECTION/OVERSIGHT"
"USE NEW TECHNOLOGY"

"MINIATURIZE"
"TAKE RISK BUT BoN'T FAIL"

6-12 MONTH BUILD CYCLES

CHEAPER, CHEAPER & CHEAPER (BUT =ON'T FAIL)

"USE INTERNATIONAL REQUIREMENTS"

PROJECT MANAGER

IES 41st Annual Technical Meeting
MAY 3, 1995
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APBL ELEMENTS OF HARDWARE QUAIL<FCATION

The aerospace industry needs to keep moving away from rigid, costly, technology
independent qualification requirements

* The RELTECH program, through ARPA and NASA Code Q is supporting this direction

IES 41st Annual Technical Meeting
MAY 3, 1995

Mission
Requirements

Qualification
Based On

Influence Coefficients

Technology
Type

Failure Modes
and
Mechanisms

Available
*PACTs

*PACTs = Preventions, Analyses, Controls and Tests

Physics
of

Failure
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= SYSTEM LEVFEL APPROACH

* Each subsystem of a spacecraft/instrument will require ACEQ analysis

* Once completed, system level trades can be factored into the qualification process

Failure
Modes

R

1
1 _ Vr of integration/requirements

Requirements wmmp | Requirements |T

Matrix

.

1

Test V. Levels of PACTs to apply

PACTS = | cioctiveness

Matrix
« vy

Ranked/Weighted -ist
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SFBL  STEP : ESTABL SHING THE RE)UIREMENTS

CUSTOMER DESIRES (*WHATs") VS. TECxNICAL "HOWSs"
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AP0 STEP 2 - PLOTTING THE FAILURE MODES (FMs)

* "Fish-Bone" graphs (fault trees) are used to identify failure modes and mechanisms
attributed to a particular subsystem

* Information is gathered and put into a data base (sources include product evaluations,
modeling, vendor experience, existing failure data, physics of failure analysis, etc.)

PACKAGE ASIC BoFcER PROCESSOR

NN
[/ /S

SUBS-RATE PASSIVE MEMORY

IES 41st Annual Technical Meeting
MAY 3, 1995 S.L. Cornford




AL SEP2-P O T NG 'HEFA URE MO )ES (FMs) -con't.

SUBSTRATE S/S = Substrate DICE DELAMINATE
/ Cracked Si S/S Cohesive Failure /

../
/ Intermetallic
(
Metallization /
Delaminations S/S

Compound

Adhesive

MEMORY
CUBE
FAILS

S

\ﬁﬂm__ﬁmzo: Wire Bond

Delamination .
Metallization S
Corrosion >
SKo
VLS

Dielectric

\ preakdown

DICE INTERCONNECT
FAILURE FAILS
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S0 STEP 2 - PLOTT:=-NG THE FAILURE MODES (FMs)

* "Fish-Bone" graphs (fault trees) are used to identify failure modes and mechanisms
attributed to a particular subsystem

* Information is gathered and put into a data base (sources include product eva.uations,
modeling, vendor experience, existing failure data, physics of failure analysis, etc.)

PACKAGE ASIC BUFFER PROCESSOR

NN L
/S

SUBSTRATE PASSIVE MEMORY

IES 41st Annual Technical Meeting
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APL SFP2-P OT ING 'HE FA LURE MODES FMs) -con't.

SUBSTRATE S/S = Substrate DICE DELAMINATE
/ Cracked Si S/S Cohesive Failure //

/ Intermetallic

. _ Compound
Adhesive
Failure

Dielecitric Breakdown S/S

Metallization /
Delaminations S/S

Cracked Si \

\%S_:Nm:o: /’

Delamination
Metallization

Corrosion OO
S
V>
Dielectric
\ Breakdown
DICE INTERCONNECT
FAILURE FAILS

1ES 41st Annual Technical Meeting
MAY 3, 1995 S.L. Cornford




C66T ‘€ AVIN

Sunady [eRTUY3], [enUUY ISTH SH]

PJO}UJOD =S

JONV1SIS3H

anNog

d3LHOHS

ur pebnjuua) /

‘'SJUBUIWEBIUCD

I

UIMOLD) spuodwo) dljfeiewlaiu]

/

aoeliolu]
EENEE A

00} puog o 8jbuy

[ewojuo) \

Py 1S Z
/

aNog 3dIM
5umo|d/BUQ

STivd

UoISO.LI0D

uonoag buop \

ur pabnjuiua) \

aNOg N3dOo

VddH.. DN . 10 d-¢di.S dl

7,u03- SINH) SHAOW Ju(]




SG66T ‘€ AVIN

BUPQQW [eoruyd: I, [enuuy 15[17 SHI

piojuio)) “T°§

BN WON

©

REQUIREMENTS MATRIX

O X o,
O OX O
() [+) (<]
o
L)
IMPACT LEVELS: 1= LOW
©
3 = MEDIUM Q o o
9 = HIGH ©
© o o, o,
o () © oXoXo
Q © oXo Xo o) o 0
o, 0, oXoX XoXo
o o
o o
B
5 5 g §
FAILURE g| £ T ElE[ [ k.
L [ 7]
MODES §§,§5gg§ 1 H AR & IMPACT

W , o 18 [3lclEl5|5 5 2] | [s|&lE]%|5 2 SUMMARY

H 2 %:%_Egg'ggmf‘!mwﬁ_ogpv %|2| (REQUIREMENTS)

E 8l lelLlE|Eta el 25| 5 2 12 2 5 [BIE 5 2L | Bl 5| £ &

N 21l sl ol el BlElE[218 (818 ElF ISR 5 8| 5] &l 215
&lElc| ol ol s 8BS 22l 55 Bl = Bk [ &lo]w]|¥] 5
£lolel 81z 2l 22|22 18 181% 1T I8 el [ g8 | o &

a 1) D v -

Max. Prover Diss. = 3.5W 3|11 13 ]9 9 3 B ERE] 3 <] °

__ | Design Life (2+1 +4 years) 9 o

_ |Memory

_ | Eng.Data Stg.: 1 Mb { 3

_ Operating System: 10 Mb { 3 [

__| Processor Board: 1 Gb 1 3 o

__ | Max Power Cycles

_ Cycles with dusl storms 3 313 3 ol1ls 11301 313 o

__| Temperature Range

_ | Ground: 5 c1o40c f 13 3 1]3 341 °

__| Mission: -45C1030 C 31414141 3 913 o

__ | Humidity: 40% to 70% ] 3 [}

Vibration: 520 Hz 1.27 cm 3 1 3 1111 3 9l1 |1 o

_ 20-100 Hz 10.0g9 3 1 3 ©

__ | Radiation: 25 krad 1 °

2030 temperature cycles 3 3 31913 3 °
__| Quasi stdv ace. 15a 3 3 111 3 31113 d
Throughput: 0.5 MIPs 1191391 9 [)
Total Req. Impact 31208 142%25 15301 13]1527] 45 45 42{38]32]|39{ 31) 27 421 55 29| 34| 27] 30

BEST
IMPACT 20 240 ol {eje
SUMMARY 30 olo| |o ° o of |o]o
(DESIGN) 40 olojolo] |o o

50 olofo
WORST L4 ©
WHEN (T, )

dr

S dH.L LSNIVOY SINAWIIINOTY HHL ONILLLOTd - € Jd1S



JPLU

STEP

- PLOTTING THE FMs AGAINST THE PACTs

Test Effectiveness

Martuix (TEM)

S ON Si MEMORY CUBE

Cortrituge 1 wrong Grechon
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PHYSICS OF FAILURE BASED HARDWARE QUALIFICATION

IDENTIFY MISSION
REQUIREMENTS

(ENVIRONIMERT,
EUNCTIONAL,
PERFORMANCE)

FAILURE MODES (FMs})

FROM FAULT MATRIX

L.

Failure modes (FMs) are weighted by
their criticallity
(e.g., SINGLE POINT FAILURE)

AVAILABLE
TESTS/ANALYSES/

‘:kILABLE
DWARE

TECHNOLOGY

PACKAGING
TE(EEEE O Y

DECISION -

IDENTIFY RELEVANT
FMs FOR THE CHOSEN
TECHNOLOGY

| PLOT FMs vs. RELEVANT
MISSION REQUIREMENTS

(REQUIREMENTS
MATRIX)

Identify the impact of
the FMs on the mission
requirements

Identify the
tests/analyses and

PLOT FMs VS. AVAILABLE
TESTS/ANALYSES/CONTROLS

CONTROLS

Determine which FMs
can be controlled
through test/analyses
and/or mfg. controls

The system level
tesVanalyses and
controls must factor all
subsystem impacts:
regmis. VS. FMS vs. test

»  (TEST EFFECTIVENESS
MATRIX)

PRIORITIZE QUAL
ACTIVITIES BASED ON
EFFECTIVENESS AND
FUNDING

controts which excite
the FMs

EFFECTIVE
TRADEOFF

PERFORM QUAL ACTIVITIES
BASED UPON TEST
EFFECTIVENESS MATRIX

FUNDING TO ADDRESS
CRITICAL PARAMETERS?

HAVE BASELINE DESIGN,
REQUIREMENTS AND/OR FMs
CHANGED SINCE STARTING

P
EFFECTIVE
TRADEOFF

YES

drr

THIS PROCESS?

LAVHO MOTI OdDV




APl CONCLUSION TO ACEQ

* This process will allow a systems approach to permit trade-offs and risk assessment by the
project

* Provides continuity between projects on how qualification and acceptance processes are

established

» Allows vendor performed activities to factor into the qualification process - off-the-shelf
hardware

* Hardware buyer/integrator can determine if the failure modes for a particular mission have been addressed
* Once the effects of Requirements vs. Failure Modes vs. PACTs are identified:

* Careful prioritization and trade-offs must take place

* The process and decisions are documented

» This process will help the project understand resource allocation required to address the
qualification process throughout product development / procurement

DeLIvECY

EXAMPLE

IES 41st Annual Technical Meeting
MAY 3, 1995 S.L. Cornford




